ABSTRACT -It was evaluated alternatives for analysis of performance records and ranking of Charolais × Zebu crossbred bulls. Data of weight at six ages and average daily weight gain in eight periods of 883 21/32 Charolais + 11/32 Nellore bulls in performance tests were used. The direct additive genetic values were predicted in single trait analysis using animal models with classificatory fixed effects of contemporary groups and age of dam at calving and age of animal at weighing as linear covariable, depending on the trait. As random effects, it was considered the direct additive genetic effect, the permanent 
Introduction
Selection based on phenotypic values of individuals adjusted for the known fixed effects have been used in beef breeding programs (Mello et al., 2002; Razook et al., 1993) aiming to improve productivity and profitability in beef cattle. The efficiency of this technique to provide genetic gain depends, among other factors, on the precision in which the adjustments are made and on the heritability of the selection criteria since the correlation between the adjusted phenotypic value and the true genetic value is the square root of heritability (Mrode, 2005) . Selection based on adjusted phenotypic values could be more appropriate for moderate or high heritability traits or when technical or financial resources limit the adoption of more refined methods, such as the mixed model method by Henderson et al. (1959) , which gives genetic values with best linear unbiased predictor properties (Henderson, 1963) .
In the mixed model methodology, the prediction of genetic values and the estimation of fixed effects solutions included in the model are performed together; the genetic value of an animal is predicted from the its own data and from its relatives data included in the database because of the inclusion of the genetic relationship matrix among the individuals in the analysis. However, the application of the mixed model methodology to evaluate animal performance data requires computational resources and technical expertise and, consequently, higher costs. Lack of knowledge and/or difficulty in understanding and interpreting the results obtained by the use of mixed models, mainly by commercial producers, may also be considered barriers to the use of mixed model methodology in evaluating the animals participating in in performance tests.
These two alternatives for analyzing data of individual performance have advantages and disadvantages, and a comparative study can be instrumental in choosing the most adequate one, from a technical and practical perspective. This work was done with the objective of evaluating alternatives for analysis of performance records and ranking of 21/32 Charolais + 11/32 Nellore bulls in performance tests.
Material and Methods
The data used in this work were obtained from the MA genetic group, evaluated in ten performance tests (Agropecuária Ipameri, Jussara, GO, Brazil) . According to the standards of the Associação Brasileira de Criadores de Canchim, the MA genetic group (21/32 Charolais + 11/32 Nellore, on average) can be formed by mating Charolais bulls with crossbred Canchim × Nellore dams, which themselves belong to the A genetic group (ABCCAN, 2008) . The animals were born from 1995 to 2005, except for 1997, and the tests were concluded from 1997 to 2007, except for 1999.
The calves were weaned at 225 days of age, on average, and they remained on pastures of Brachiara and Panicum genus until the end of the test, always in one lot per year. The animals were given mineral salt during the entire evaluation period. During the dry season, the animals also received food supplements, which varied from protein mineral salt to a corn and soy mixture, depending on the year. The beginning of the supplementation period varied from June to August, and the end of it ranged from October to December, depending on the year. The supplementation period was 117, 106, 197, 71, 52, 84, 120, 116, 125 and 92 days for the animals born in 1995, 1996, 1998, 1999, 2000, 2001, 2002, 2003, 2004 and 2005, respectively. The animals were weighed at birth, at weaning, at the beginning and end of the food supplementation, and at the end of the test. The final weighing was done in January, for the animals born in 1999; in February, for the animals born in , 1998 , 2000 in March, for those born in 1996 in March, for those born in , 2001 in March, for those born in , 2002 in March, for those born in and 2004 and in April, for those born in 2003. The average age of the animals at the end of the test varied over the years, as well as it depended on the time of birth (Table 1) because all the animals born in the same year were managed in the same group after weaning.
The evaluated traits were weight at birth, weaning, at 365, 450 and 550 days of age and at the end of the test. The weights at weaning (165 to 285 days of age) were adjusted to 225 days of age considering the average daily weight gain from birth to weaning. The weights at 365, 450 and 550 days of age and at the end of test were also obtained by linear adjustment, considering the weights taken from 305 to 425, from 390 to 510, from 490 to 610 and from 469 to 707 days of age, respectively, and the average daily weight gains from weaning to the target ages. Concerning the body weight measurement at the end of the test, the age considered to be the standard varied over the years and according to the season of birth (Table 1 ). In addition, the average daily weight gain from birth to weaning, from weaning to 365, to 450 and to 550 days of age, from weaning to the end of the test, from weaning to the beginning of the dry season, during the dry season, and between the beginning of the rainy season and the end of the test were also analyzed. January to March ---7 0 1 7 0 7 -----April to June 6 2 3 6 3 8 6 2 5 6 0 2 6 4 6 6 6 0 6 7 1 6 8 0 6 3 7 -July to September 5 7 2 5 6 5 5 5 4 5 0 3 5 5 9 5 5 9 5 8 2 5 7 8 5 7 1 5 4 0 October to December 5 1 3 5 0 4 -4 6 9 4 8 7 4 9 7 5 3 1 5 3 8 5 0 1 4 6 9 The variance components were estimated by the Restricted Maximum Likelihood method (REML), using the REMLF90 program (Misztal, 2002) , in single trait analyses. This program uses the Expectation Maximization algorithm with acceleration to find the solution for the REML system of equations (Misztal, 2002) . Animal models were used, which contemplated the random direct additive genetic, permanent maternal environmental and residual effects.
Generally, the model used is the following:
in which hijklm y = the phenotypic value of trait h, of the animal i, calf of dam j, at which the age of dam at calving is equal to k, raised in the contemporary group l, with age m at weighing used to obtain the trait h; μ h = constant specific to the trait h, present in all observations of this trait; a hi = direct additive genetic effect of animal i for the trait h; p hj = effect of the permanent environmental of the dam j for the trait h; AOD hk = effect of the age of the dam at calving k for the trait h; CG hl = effect of the contemporary group l for the trait h; b ih(l) = linear regression coefficient of calf age on the day of weighing used to obtain the trait h, nested in the contemporary group l; and e hijklm = random error associated with each observation.
The classificatory effect of age of dam at calving was considered only for weight at birth and at 225 days of age, and for average daily gain from birth to weaning. There were 13 annual classes formed by the dam age at calving that ranged from 2 to 14 or more years. The contemporary groups were formed by animals born in the same year and season (season 1: from January to March; season 2: from April to June; season 3: from July to September; and season 4: from October to December). The b 1h(l) coefficient was not included in the statistical model of birth weight and age hm corresponded to the age of the animal at weaning (for weight at 225 days of age and weight gain from birth to weaning), age of the animal at weighing closest to 365days of age (for weight at 365 days of age and gain from weaning to 365 days of age), 450 (for weight at 450 days of age and gain from weaning to 450 days of age) and 550 (for weight at 550 days of age and gain from weaning to 550 days of age), at the end of the test (for weight at the end of test and weight gain from weaning to the end of the test), age at the beginning (for weight gain from weaning to the beginning of dry season) and at the end of the dry season (for weight gain during the dry season) and age at the end of the rainy season (for weight gain during the rainy season).
Under the matrix form, [1] can be represented by:
in which: ~h y = vector with phenotypic values of trait h; For the composition of the numerator relationship matrix, a recursive algorithm was used to maintain the pedigree dataset comprised by individuals with data and their ancestors. In addition to this, the individuals who did not have data, were not dams of animals with data, which did not have at least one known ancestor and were connected to only one animal in the database were also excluded from the pedigree file and from the pedigree of its descendents. These procedures were repeated until there were no more animals of this type. Thus, a relationship numerator matrix was composed only of genealogical data of animals considered informative, that is, 1,489 animals. Out of these animals, 883 from MA genetic group were included (all of the known dams and 880 with known sires), 555 dams from A genetic group (all of unknown origin, but with birth records), 50 Charolais bulls (30 with completely disregarded or unknown parents) and one Charolais dam (of unknown lineage, but that had two Charolais calves as sires of MA animals).
The estimated variance components were utilized to obtain the solutions with BLUP properties for the direct additive genetic values (~h a ), using the mixed model methodology. Considering the system of equations: 
the values of ~h a were obtained through Cholesky's decomposition, implemented in the MTDFREML program (Boldman et al., 1995) . Cholesky's decomposition was also utilized to obtain the prediction error variance of ~h a .
The first step was to obtain C , Cholesky's factorization and the property of inversed matrices are used, whereby the inverse of the matrices product is the inverse product in reversed order, as long as those matrices possess inverses (Searle, 1982) ,
. In this way,
Thus, the predicted accuracy of the genetic value of animal i ( 
The accuracies of the breeding values were obtained using the MTDFREML program (Boldman et al., 1995) .
The animals were classified in two ways: a) using the BLUP of the breeding value, as previously shown; and b) using the adjusted phenotypic data for the fixed effects included in [1] , that is:
in which: ijklm ŷ = phenotypic value of animal i for trait h adjusted for the corresponding fixed effects; and h m , The second alternative used for classification of the animals is similar to that used for classification of participating animals in in performance tests using only one trait as selection criterion. In this case, the accuracy of the selection criteria (phenotypic value adjusted for the fixed effects) is the square root of trait heritability (Mrode, 2005) . The phenotypic values were not adjusted for the permanent maternal environmental effect used in [1] . The adjusted phenotypic value of animal i contains its additive genetic value, the permanent maternal environmental effect of dam j and a random residual.
To obtain the BLUP of the additive genetic values [3], its respective accuracies [4] and its adjusted phenotypic values [5] , files were generated containing only the records of animals born in the year of interest and in the previous years. Therefore, for the acquisition of the BLUP, the accuracies and the adjusted phenotypic values of animals born in 1995, it was only considered records of animals born in 1995; for estimation/prediction of these parameters for the animals born in 1996, data from animals born in 1995 and 1996 were used; and so on, until the acquisition of the BLUP, accuracies and adjusted phenotypic values of the animals born in 2005, when all of the available records were used. These procedures were designed to simulate what would happen in actual evaluations of performance tests if the data previously obtained were used for evaluating animals of a given year.
The Spearman correlations between the BLUP and the adjusted phenotypic values of each trait were calculated with data of animals born in each year, using the solutions obtained in the analysis with the data from the year of interest and from previous years. This correlation was obtained using the PROC CORR of SAS (SAS, 2003) .
The average BLUP accuracies were calculated with the accuracies obtained for the BLUP of each trait of the animals born in a given year, using the accuracies obtained in the analysis with the data from the year of interest and from previous years.
Results and Discussion
The heritability estimates were low or medium, depending on the trait (Table 2 ). In general, the direct heritability estimates for the weight traits obtained in this work were lower than those related in literature for similar traits (Eler et al. 1995; Gianlorenço et al., 2003; Meyer, 1992; Oliveira et al., 2001; Toral et al., 2008 and 2009 ), but with data from Zebu, European or crossbred European × Zebu. Similar tendencies were observed for the heritability estimates of average daily weight gain from birth to weaning and from weaning to 365 days (Alencar et al., 2005; Castor-Pereira et al., 2007) . The heritability estimates for average daily weight gain from weaning to yearling (from weaning to 450 days, from weaning to 550 days and from weaning to the end of the test) are within the range observed in literature for this parameter, which was from 0.06 (Simonelli et al., 2004) to 0.44 . The heritability estimates for average daily weight gain during the dry season (0.10) and weight gain during the rainy season (0.16) were close to the lowest limit observed for the average daily weight gain from weaning to yearling. The heritability estimate of average daily gain from weaning to the beginning of the dry season was low (0.01), probably due to the high variability in the duration of this period and to the behavior of the animals because of changes in the environment where the animals were raised.
For the proportion of phenotypic variance attributed to the permanent maternal environmental effect, the averages obtained for the weight traits and average daily gain were higher than the values estimated by Eler et al. (1995) , Guterres et al. (2006) , Mello et al. (2002) and Meyer (1992) .
According to Visscher et al. (2008) , the heritability of a trait is specific to a population, but in practice it is possible to observe similarities among heritabilities for the same trait in different populations. Overall, the heritabilities obtained in this study were lower than the values found in literature. Part of the differences obtained in the heritability estimates can be explained by the following factors: utilization of different methods for estimation of variance components (Toral et al. 2007 ); utilization of the data only from males (Garrick et al. 1989 ); and differences in the statistic models, especially in the partition of the direct and maternal effect (Meyer, 1992) .
The Spearman correlations between the direct additive genetic values and the adjusted phenotypic values varied from 0.43 to 0.95, depending on the trait and on the year of birth of the animals ( Generally, the highest Spearman correlations were obtained among the predicted genetic values and the adjusted phenotypic values for weight at 450 days, at 550 days and at the end of the test, and the lowest correlations were obtained for weight at 225 days. Considering the predicted genetic values and the adjusted phenotypic values for the traits of average daily gain, the highest Spearman correlations were found for weight gain from weaning to 450 days and weight gain from weaning to the end of the test, and the lowest correlations were estimated for weight gain from birth to weaning.
The highest Spearman correlations between the predicted genetic values and the adjusted phenotypic values were found for the traits of the greatest heritability and the lowest, for traits of low heritability. These results are consistent and in agreement with what was expected. The correlation between the adjusted phenotypic value of the animal and its real genetic value depends on the heritability of the trait, that is, the higher the heritability, the higher the correlation between the adjusted phenotypic value and the true genetic value (Mrode, 2005) . Consequently, the traits with higher heritability are recommended for use in animal breeding programs based on selection according to the adjusted phenotypic value.
When the heritability is low, unknown environmental factors and non-additive genetic factors can cause phenotypic differences among the animals. In this case, the permanent maternal environmental effects which were included in the prediction of the additive genetic values and not for the adjustment of the phenotypic values, also contributed to the reduction of the Spearman correlations between the predicted additive genetic values and the adjusted phenotypic values, especially for the weight at 225 days and average daily weight gain from birth to weaning, which are the most influenced by the maternal effects ( Table 2) .
The mean correlations between the predicted breeding values and the adjusted phenotypic values according to the year of birth of the animals, considering all of the traits, were 0.81 (1995); 0.78 (1996); 0.81 (1998); 0.78 (1999); 0.80 (2000); 0.79 (2001); 0.84 (2002); 0.77 (2003); 0.76 (2004); and 0.75 (2005) . Low Spearman correlations, generally under 0.8, indicate alteration in the classification of the animals, which implies selection of different animals and alteration to the response to selection, depending on whether the selection is based on predicted breeding values or on adjusted phenotypic values. Furthermore, a tendency in a reduction of the mean correlations between the predicted breeding values and the adjusted phenotypic values over the years could be indicative that the differences among techniques increased according to the amount of records for analysis.
The most appropriate manner to choose the best alternative for classification of the animals can only be indicated with certainty if the real genetic values of the animals are available, which only happens with a simulation of the data. With real data, the use of accuracy and of some theoretic properties of the involved alternatives could be considered a viable option toward this goal.
Using the adjusted individual performance data, the correlation between the real genetic value and the adjusted phenotypic value is the square root of heritability (Mrode, 2005) . This correlation was 0. 37; 0.25; 0.25; 0.37; 0.46; 0.39; 0.22; 0.14; 0.50; 0.28; 0.42; 0.10; 0.32 and 0.40 for the weight at birth, at 225, at 365, at 450 and at 550 days of age, weight at the end of the test, average daily weight gain from birth WB = weight at birth; W225 = weight at weaning; W365 = weight at 365 days of age; W450 = weight at 450 days of age; W550 = weight at 550 days of age; and WEND = weight at the end of the test; ADGBW = average daily weight gain from birth to weaning; ADGW365 = average daily weight gain from weaning to 365 days of age, ADGW450 = average daily weight gain from weaning to 450 days of age; ADGW550 = average daily weight gain from weaning to 550 days of age, ADGWEND = average daily weight gain from weaning to the end of test, ADGWDRY = average daily weight gain from weaning until the beginning of dry season, ADGDRY = average daily weight gain during dry season and ADGRAINY = average daily weight gain in the rainy season before the end of test. to weaning, from weaning to 365, to 450, to 550, to the end of test, from weaning to the beginning of the dry season, during the dry season and during the rainy season, respectively. These values were lower than the correlations between the predicted direct additive genetic values and the real values (the accuracies of predicted breeding values) for all of the analyzed traits (Figure 1) . Even if only the data from a single year were considered (1995), the correlation between the predicted breeding values and the real breeding values are higher than that involving the adjusted phenotypic values and the real breeding values, which can be explained by the existence of paternal half-sibs in the database, so that the additive genetic value of an animal is not predicted only by its own records. Thus, it is expected that the use of predicted breeding values provides a greater response to selection in comparison to using the adjusted phenotypic values.
The accuracy means increased as the number of animals in the database also increased (Figure 1 ), a fact related to the enhanced number of observations used to predict the genetic value of each animal (increase in number of halfsibs in the database, mainly). Therefore, it is possible that the differences among the responses to selection, when based on predicted breeding values or on adjusted phenotypic values, increases with time.
If the only available option for evaluating the candidates for selection was the adjusted phenotypic values, the use of the previously obtained data could reduce the standard error associated with the solutions for some fixed effects, and thereby, improve the precision of the adjustments.
Conclusions
The classification of 21/32 Charolais + 11/32 Nellore bulls submitted to performance tests based on predicted breeding values is different than the one based on adjusted phenotypic values, and the magnitude of this difference depends on the used trait. The classification of 21/32 Charolais + 11/32 Nellore bulls based on predicted breeding values for the growth trait is better than the classification based on adjusted phenotypic values. v.9, n.4, p.255-266, 2008. 
